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PREFACE 


nils  effort  was  conducted  by  Syracuse  university  under  the  sponsorship 
of  the  Rome'  Air  Development  Center  Post-Doctoral  Program  for  NAVSEC. 

Nr.  Tony  Testa  of  NAVSEC  was  the  task  project  engineer  and  provided 
overall  technical  direction  and  guidance.  The  authors  of  this  report 
are  Dr.  Jose  Perlnl  and  Jason  Chou. 

The  RAOC  Post-Doctoral  Program  is  a cooperative  venture  between  RADC 
and  some  sixty-five  universities  eligible  to  participate  in  the  program. 
Syracuse  University  (Department  of  Electrical  and  Computer  Engineering) , 
Purdue  University  (School  of  Electrical  Engineering) , Georgia  Institute 
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with  the  prisie  schools.  The  U.S.  Air  Force  Academy  (Departisent  of  Electrical 
Engineering) , Air  Force  Institute  of  Technology  (Department  of  Electrical 
Engineering) , and  the  Naval  Post  Graduate  School  (Department  of  Electrical 
Engineering)  also  participate  in  the  program. 

The  Post-Doctoral  Program  provides  an  opportunity  for  faculty  at 
participating  universities  to  spend  up  to  one  year  full  tism  on 
exploratory  developamnt  and  prt^Iem-solving  efforts  with  the  post- 
doctorals  splitting  their  time  between  the  customer  location  and  their 
educational  institutions.  The  program  is  totally  custoawr-funded  with 
cturrent  projects  being  undertaken  for  Rome  Air  Development  Center  (RAOC) , 
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Space  and  Missile  Systems  Organization  (SAMSO) , Aeronautical  Systems 
Division  (ASO) , Electronic  Systems  Division  (ESD) , Air  Force  Avionics 
Laboratory  (AFAL) , Foreign  Technology  Division  (FTD) , Air  Force  Weapons 
Laboratory  (AFWL) , Armament  Development  and  Test  Center  (ADTC) , Air 
Force  Cononunications  Service  (AFCS) , Aerospace  Defense  OmoMnd  (ADC) , 

Hq  USAF,  Defense  Coomunications  Agency  (DCA) , Navy,  Army,  Aerospace 
Medical  Division  (AMD) , and  Federal  Aviation  Administration  (FAA) . 

Further  information  alsout  the  RADC  Post>Doctoral  Program  can  be 
j obtained  from  Jacob  Scherer,  RADC/RBC,  Giriffiss  AFB,  NY,  13441,  telephone 

AV  587-2543,  COMM  (315)  330-2543. 
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POINT  SOURCE  REPRESENTATION  OF  ANTENNAS  AND  OBSTACLES 


1.  Introduction 

In  the  report  "Point  Source  Radiation  Pattern  Synthesis  by  Iterative 
Techniques"  [1]  a method  was  presented  to  synthesize  radiation  patterns  of 
planar  arrays  of  point  sources.  More  recently  Raschke  and  Sterling  [2]  have 
proposed  the  idea  of  representing  the  superstructure  elements  of  a ship 
such  as  deck  houses,  stacks,  fences,  etc.,  by  vertical  vires.  One  of  the 
authors  [3]  has  then  suggested  that  all  antennas  and  wires  be  represented  by 
an  equivalent  point  source  and  the  techniques  used  In  [1]  be  applied  to  the 
problem  of  optimally  locating  antennas  aboard  ships. 

The  difficulty  of  this  approach  Is  that  In  order  to  obtain  the  point 
source  representation  of  the  wires  and  antennas,  the  entire  problem  has  to 
be  solved  by  some  technique  such  as  the  Method  of  Moments  (MOM)  for  every  It- 
eration. If  the  total  number  of  wires  Is  large,  then  the  procedure  becomes 
very  costly  In  computer  time  and  may  preclude  the  solution  of  the  problem. 

The  purpose  of  this  report  Is  to  Investigate  a possible  simplification 
of  Che  above  problem  by  making  the  hypothesis  that  "all  wires  of  the  same 
obstacle  will  have  currant  distributions  which  are  essantlally  of  the  same 
shape.  They  will  differ  in  magnitude  by  a factor  KA/d  and  in  phase  by  2ird/A" 
If  this  Is  true.  It  will  only  be  necessary  at  the  beginning  of  the  Iterative 
procedure  to  solve  the  considerably  smaller  MOM  problem  of  the  antennas  to 
be  located  and  <ma  "typical”  wire  for  each  obstacle  present.  The  currents  In 
all  other  wires  of  the  same  obstacle  will  then  be  derived  from  the  "typical" 
one  by  the  above  hypothesised  relations.  This  will  continue  throughout  the 
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synthesis  procedure.  At  the  end,  the  problem  can  be  resolved  by  MOM  again  to 
check  the  accuracy  of  the  result.  If  necessary,  the  recomputed  typical  cur- 
rents can  be  used  as  a starting  point  for  a few  more  Iterations. 


2.  Antenna  with  Obstacle 

A situation  often  encountered  In  shipboard  antenna  design  problems  Is 
that  of  an  antenna  In  front  of  a deck-house  as  shown  In  Fig.  1.  The  whole 
structure  will  Initially  be  assumed  over  an  Infinite  perfect  ground  plane. 

To  simplify  the  treatment  of  these  problems,  Raschke  and  Sterling  [2] 

■ade  the  hypotheses  that  (a)  only  the  conducting  plate  facing  the  antenna  Is 
Important,  and  (b)  this  plate  may  be  represented  by  a set  of  equally  spaced 
parallel  wires  (parasite  wires)  as  shown  In  Fig.  2. 

The  parasite  wire  length  L Is  the  same  as  the  height  of  the  plate.  The 
spacing  s between  adjacent  wires  should  be  chosen  as  large  as  possible  to  re- 
duce the  computation  work.  Yet  it  cannot  be  so  large  as  to  become  a poor 
representation  of  the  plate.  Previous  experience  has  shown  that  s “ A/8 
yields  good  results. 

The  current  Induced  In  each  wire  when  the  antenna  is  driven  can  be  ac- 
curately calculated  by  the  method  of  moments  (MCM).  However,  if  this  approach 
is  used  in  the  problem  of  locating  shipboard  antennas,  one  execution  of  a MOl 
algorithm  is  required  at  each  iteration  step.  This  is  expensive  and  unneces- 
sary since  approximate  currents  for  the  intermediate  iteration  steps  will 
serve  as  well. 

In  the  next  two  sections,  we  propose  a simple  relation  to  obtain  approxi- 
mate parasite  currents  for  any  value  of  d,  the  distance  from  the  antenna  to 
the  parasite  i^es. 
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3.  Adjacent  Wires  Coupling  Effect 

From  experience,  we  would  expect  that  the  current  Induced  on  a particular 
wire  Is  affected  by  the  presence  of  all  other  wires  through  coupling.  The 
question  arises  of  how  many  adjacent  wires  should  be  Included  when  the  typical 
wire  current  distribution  Is  being  calculated.  To  Investigate  this,  we  com- 
puted the  current  on  the  typical  wire  for  the  different  geometries  shown  In 
Fig.  3,  which  correspond  to  cases  of  (1)  no  adjacent  wires  considered,  (2)  one 
adjacent  wire  on  each  side,  and  (3)  two  adjacent  wires  on  each  side.  The  dis- 
tance from  a driven  antenna  to  the  center  parasite  wire  Is  d and  the  parasite 
wire  length  Is  L. 

Fig.  4 shows  the  magnitude  and  phase  of  the  current  distributions  on  the 
driven  antenna  and  center  parasite  for  configurations  (1),  (2)  and  (3),  and 
d ■■  .IX.  The  lengths  of  the  driven  antenna  and  parasite  wire  are  .25X  and 
.375X,  respectively.  The  radius  of  all  wires  Is  .004X. 

The  current  on  the  driven  antenna  remains  nearly  the  same  for  all  three 
configurations.  The  parasite  currents  for  configurations  (2)  and  (3)  nearly 
coincide  with  each  other. 

Fig.  5 shows  the  normalized  maximum  parasite  current  Cnormallzed  to  the 
maximum  current  on  the  center  peraslte  at  d - .IX)  as  a function  of  d for  con- 
figurations (1),  (2)  and  (3).  It  also  shows  the  phase  change  for  every  Ad  “ 
.IX.  If  the  2ird/X  hypothesis  Is  true,  this  plot  should  be  constant  at  36®. 

The  curves  of  current  magnitude  and  phase  for  configurations  (2)  and  (3)  are 
very  close  to  each  other  except  in  the  vicinity  of  d ■ .5X. 

The  same  procedure  was  used  for  the  case  of  the  parasite  wires  of  length 
.325X  and  the  results  ere  shown  in  Figs.  6 and  7. 
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STUDY  OF  PARASITE  ANTENNA  CURRENT 

AIL  WIRE  RADIUS*  .004 \ 

L«(A).  375X  (B).  .32SX 


INFINITE 

GROUND 

PLANE 


CONFIGURATION  (I) 


(c)  CONFIGURATION  (3) 

FIG.  3 ADJACENT  WIRE  CXXJPUN6  BY  DIFFERENT  GEOMETRY 


I 


It  Is  observed  from  Figs.  4 through  Fig.  7 that  the  configurations  (2) 
and  (3)  yield  almost  the  same  result.  Therefore,  we  believe  it  is  safe  to 
assume  that  configuration  (2)  of  Fig.  3b  takes  into  consideration  most  of  the 
mutual  effects  of  the  adjacent  vires.  It  will  be  used  from  now  on  in  our 
calculations  of  the  current  distribution  on  the  parasite  wires. 

4.  Parasite  Current  Studies 

In  this  section,  a series  of  computations  are  made  based  on  the  model  of 
Fig.  3b.  The  length  of  the  driven  antenna  is  .251  while  the  length  L of  the 
parasite  wires  will  be  .125X,  .1661,  .251,  .375X,  .5X  and  .75X.  The  wire  ra- 
dius is  .004X. 

The  magnitude  and  phase  of  the  current  distribution  on  the  driven  and 
parasite  wires  are  shown  in  each  case  for  d - .IX,  .6X,  l.OX  and  1.5X  in  the 
following  figures: 

Fig.  8.  a)  .25X  driven,  b)  parasite  L ■ .125X 

Fig.  9.  a)  .2SX  driven,  b)  parasite  L ■ .166X 

Fig.  10  a)  .25X  driven,  b)  parasite  L - .25X 

Fig.  11.  a)  .25X  driven,  b)  parasite  L - .375X 

Fig.  12.  a)  .25X  driven,  b)  parasite  L • ,5X 

Fig.  13.  a)  .25X  driven,  b)  peresite  L - ,75X 

The  current  on  the  driven  wire  remains  fairly  constant  as  the  distance 
d changes  from  .IX  to  1.5X  for  swst  cases.  However,  if  the  parasite  wire 
length  is  nearly  eqiiel  to  the  driven  wire  length,  the  current  on  the  driven 
wire  is  sensitive  to  the  change  of  distance  d as  shown  in  Pig.  9 (L  - .166X) 
end  Fig.  10  (L  - .251). 

The  magnitude  and  phase  distribution  for  the  parasite  wire  current  is 
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quite  regular  for  all  lengths,  L £ .51. 

The  normalized  maximum  parasite  currents  as  a function  of  d for  L * .125X, 
.166X,  ,25A,  .37SA,  and  ,5A  are  summarized  In  Fig.  14  with  d changing  from 
.lA  to  2.0A.  From  this  plot  It  Is  seen  that  the  change  In  the  current  magnl- ^ 
tude  with  d closely  resembles  K/d  as  shown  In  Fig.  15,  If  the  proper  value  of 
K Is  selected.  The  phase  change  for  the  steps  Ad  - .lA  Is  nearly  constant  and 
equal  to  36*  for  d > .SA.  Even  for  values  of  d smaller  than  .5A  the  devia- 
tion Is  quite  acceptable  for  radiation  pattern  purposes. 

After  some  experimenting,  we  found  that,  for  L In  the  range  of  values 
studied,  for  d ^ .8A  the  magnitude  and  phase  of  the  parasite  current  distri- 
bution are  uniform  and  Inversely  proportional  to  d.  We  can  relate  the  cur- 
rents for  d ^ .8A  to  their  computed  value  at  d - .8A  by  the  following  simple 
relations. 


I'Ko)  • MW 

e(d)  - ^ (d  - .8A)  + 0(.8A) 


(1) 


where  R Is  a constant  to  be  determined  from 

|I|(.8A) 

where  |l|(.8A)  Is  the  current  magnitude  at  d * .8A 
6(.8A)  Is  phase  of  the  current  at  d “ ,8A. 

As  an  exa^>le  for  L - .12SA,  K - 2.24  and  Fig.  16  shows  In  '.he  solid 
line  a plot  of  curve  (1)  of  Fig.  14  and  In  the  X's,  the  computed  values  for 
|l|(d)  “ 2.24/(d/A).  The  egreement  Is  very  good  Indeed.  Similar  results  are 
obtained  for  the  other  values  of  L.  The  representation  is  especially  good 
for  d ^ .8A. 

S.  Bquivalant  Point  Source 

The  parasite  wire  current  can  be  obtained  for  any  value  of  d by  using  MOH 
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FIG.  14  NORMAUZED  MAXIMUM  PARASITE  CURRENT  AND  PHASE 
AS  A FUNCTION  OF  d/X 
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one*  for  d ” .8^  and  equations  (1).  After  the  current  is  obtained  for  every 
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parasite  wire  of  Pig.  2,  each  wire  can  be  treated  as  a point  source  by 
su— Ing  the  phasor  contribution  of  each  current  element  In  the  desired  angle 
as  shown  In  Pig.  17  by  the  equation 

2iri  sine 

N j(— V-  + V 


1-0 


After  all  equivalent  point  sources  have  been  obtained,  the  problem  of  Fig.  2 
can  be  treated  by  the  synthesis  program  referred  to  in  section  1 [1]  as  a 
planar  array  of  point  sources. 

6.  Conclusions  and  Recoassendatlons. 

It  seems  that  the  hypotheses  set  forth  In  the  Introduction  of  this  report 
have  been  satisfactorily  verified.  Before  we  proceed  and  apply  these  results 
to  the  problem  of  optimizing  the  antenna  site  on  ships,  we  would  like  to  veri- 
fy further  the  hypothesis  set  forth  by  Raschke  and  Sterling  [2]  and  stated  in 
section  2 of  this  report.  The  computations  made  by  them  referred  to  Infinite- 
ly long  cylinders.  We  would  like  to  use  the  body  of  revolution  computer  pro- 
gram [4]  and  MOM  program  to  cheek  the  same  hypothesis  for  finite  size  cylin- 
ders. The  Influence  of  the  wire  separation  S,  the  number  of  vires,  and  wire 
radius  can  be  very  easily  studied  with  the  use  of  these  codes. 
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